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The crystalline samples were cleaved in a dry inert atmosphere from 20 Q-cm n-type silicon and intrins:i,c germanium single crystals. The spectra were taken with a Hewlett Packard HP5950A photoelectron spectrometer with monochromatic AlKa x-rays. After cleaving, the samples were introduced into the analyzer vacuum of 8 x 10-9 torr within 30 seconds. The intensity ratios of the Si(2p) to the contaminant O(ls) and C(ls) lines were 5:1 and 12:1, respectively. No oxygen contamination was detected on the Ge sample, whereas the intensity' ratio of Ge(3p) to C(ls) was 10:1. To prepare amorphous specimens, Si and Ge films were evaporated onto clean gold surfaces at room temperature in the spectrometer sample preparation chamber. The background pressure was initially 4 x 10~7 torr; it rose to 3 x 10-6 torr for 4 minutes during the evaporations. The films were then directly transferred to the analyzer vacuum of 8 x 10-9 torr. The only contaminant detected was oxygen on the Si film unresolved Ge 3d doublet can be entirely assigned to the first characteristic energy loss structure of the valence-band photoelectrons, as can most of the satellite structure that is found at 17 eV below the valence band peaks in Si. The energy-loss spectra from typical core levels are showri in Fig. 2 . To correct for energy losses, the inelastic loss spectrum was approximated by the sum of a continuous tail with magnitude at each point proportional to the spectrum area at lower binding_ energy plus a discrete loss structure constructed by folding a response function determined from the discrete inelastic structure of a sharp core peak and the valence band structure. This correction accounted for the structure at 19 eV in Ge and for 95% of the structure at 23 eV in Si. The remaining 5% is accounted for by the contaminant oxygen 2s peak. A correspondingly small portion of the peak at 6.6 eV can be and a broadened version that is consistent with the experimental resolution.
The agreement between theoretical and experimental peak positions and shapes is striking for crystalline Si and Ge. Table 1 lists the energies of the characteristic features, the theoretical densities of states p(E), and the corrected XPS spectra, which we denote as I' (E). The m,arginal ability to locate the feature w 2
gives an indication of the resolving power of our spectrometer.
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As The excellent agreement observed for crystalline Si and Ge provides a firm basis for further XPS and theoretical band-structure work on. semiconductors.
It also suggests that these two approaches may profitably be used together.
The results for amorphous Si and Ge are significantly different from th_e respective crystalline modifications. From the I 1 (.E) spectra (Fig. 3) we note the following observations:
l. The gross variation of intensity with respect to energy is similar for the amorphous and crystalline materials in both elements.
2. The "x 4 " peak remains essentially intact from crystalline to amorphous material.
3. The 1 1 and 1 2 1 peaks merge into a single broad peak of intermediate energy.
I
1 (E) shows a distinct minimum between the "x 4 " peak and the broader peak in the a.morp~ous materials.
•
. arises from localized p-like bonding orbitals, 7 which are relatively ins1ensitive to long-range order.
ObserV-ation 6 indicates that l' (E) for amorphous Ge was reproducible even though the method of sample preparation was varied. -9-LBL-688 FIGURE CAPTIONS
. Fig. 1 . XPS valence-band spectra of crystalline and amorphous Si al'ld Ge.
(, Fig. 2 . Si 2p and Ge 3d core levels exhibiting the characteristic energy loss
structure (plasmons) used in the valence band correction procedure. Binding energy (eV) Fig. 2 2,000 
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